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ELE~RICAL DESIGN OF A RICH CURRENT DENSITY AIR-CORE RMERSED-FIELD PINCH “ZTP”*

W. A. Reasn, J. G. Helton, mnd R. F. Gribble
Lou Alamo- Nation.el Laboratory

Loo A.lMMOO, Nmw kXiCO 87545

ABSTRALT

‘l’his paper daacribem the ●lectrical daaign of ●

ete.zll , high current den-icy (10 f4A/m2) toroidel
reverned-field Z-Pinch (RPP) preeently baing

constructed at Loo Mamoo.

Special purpoce magnetic fimld programs were used
to calculate Eelf and mutual inductance for the
po:oidal field vindinga. The natwork analyolo program

MINI-SCEPTRE was then u-ad tn predict plaama current,
including the interacti~n between coroidal and poloidal
field circuite, ao described by the Beaael function
model for RFP’s.

Ueing those program, coil geometry waa obtained
for ❑inimal field ● rrore and the pulse power ●yntame
were optimized to minimize ●quilibrium control power.

Reaultn of computer modeling and implementation of the
electrical circuits are prenented.

INTRODUCTION

ZT-P iB a emall, multipurpose, revereed-field

pinch (RFP) cxpariment presently being constructed at
LANL. It in intended to be a vc:metile experimental
futility which can provide ● nawern to ●everal

outstanding quee!.ione concerning preeent RFP operation
and the danign of future RFP ●xperimenca. It Waa
deuigned tu eierve several apacific purpoeee: (1) Lo
provide an engineering end phyaica tent of en air-core
RF1’ dcvicc, (2) to lnveatigmte RFP operaLion ●t high
current denaicy (10 t’LA/m2) ralevont to the compact RFP

raact~r concept, (3) to provide en experiment denigned
to have very low ❑aunetlc field ●rrorn, allowing
controlled field ●rror experiment’) to bd phrfomed, (4)
to inveficigate dlv-rtwr-llkm maunetlc field

con fluuratlonu, and (5) to investigate different
corfigur~Llonn of the ronductlng ehell, including the
potieibility df WpI?raLin~ Vithout m conducting shell.

TI)J R paper dlacuames primarily the alectrlcal
daolmn uf ZT-P. The deal~n Of the poloidnl field
myrn~~m !a tJLmcunned firnt in order to mmtabliah
method aduptod for prodilcing the correct equflibl
f lrldnc Theil the circuit nimulatlona to verify
method nre dlocuoned nnd tll@ calculated r-nultn

i):afi~nt-d. Final.y, the final deeiRn of the electr

Nyrnlemn f~: the mnchlrw in preoantedi
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Figure 1. Arrangement of Poloidal Field r~ll~.

The ●quilibrium (EF) coil aet produces a flux
aurfacc et the liner which deviatea lees than f2.7 mm
from circular. These colla macil have several tnpn such
thmt the turno ratio can cnaily be changed. There nru
no anparate vertical field or horizontal field
wlndinga. Vther, the vertl,,ll field required Fur
equilibrium and the field indvxing requi r~d for
vartlcal atabllity are produced by dlntributlnfl thr
currentn in the EF-coils vie ext~rwrl eqoillhrltlm power
●uppllen. The EF-coile are croaa-conuected aH nhown in
Fig. 2. Computer eimulationn have Bllowll Lhat Ltlr
c~rract vertical field and field lncll~n CmI he Ilrlllevcd
with the uee of only two rnxLer!l I pow,,r auppiirM if
thin coil crofis-connpctlon in unmd.
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Since one of the ●xperiment plmmed for ZT-P in
t9 operate without a shell, the ●quilibrium power
aupplien must IM capable of providirrs the correct
equilibrium fielde not only during the period of
constant current, but during the ●arly eettins-up phaee
an well, when equilibrium ie ordinarily provided by
ehell ●ddy-currente. In compucer ●imulatione of the
circuit performance, it wae found that this required a

high peek power frnm the ●quilibrium powor suppliee,
In an actempc to raduce the peak pwer requirement, the
EF-coile wero repositioned and the turne in ●mch coil
were varied, by trial and ●rror, until a configuration
wan found which reduced the pwer nupply peek power
significantly. In effect, chic method ●acrificee thr
ueual “de-coupling” between tho EF-coil ●nd the ttcoil
in order to eupply more of tha rnergy for the vertical
field from the mei~ capacitor bank, Inmtead of frm the

power euppliee. It uae found that the ●light changte
in EF-co1l ponltion had little ●ffecc on the flux
●urfacen at the liner.

COMPUTERVERIFICATION OF CIRCUIT DESIGN-—— .—

In order to verify the ❑ethod of veltical fieii
generation dencr!bed abnve, exteneive computer modeling
was done of che poloidal fiald ●yetem ●nd the external
circuite. Special P,:rpoee magnetic field progrume,
baaed on circular filamentary coile, were used to

calcul~te the magnetic flelde remulting from a given
coil configuration ●nd currant distribution, Then
mlmilar prouramm uerc uaad to calculnte the ■utual
inductance between each coil pair. Thn netwcrk
analyeln prograe FtINL-SCEPTftS1 waa then uead co
calculate thm circuit refiporrme ●nd to verify that the

cuil currontn ware cnrrect.

Th@ network pruqrnm HINI-SCEPTRE ● e implemented on
the MFECC cmlputrr ia unable to hendle mutual
inductnnccM in c!rcuitn. In order to clrcumvmnt tl:ie
dlf[lrulty ●nd ntill uee FflN1-SCEPTRk inetead nf th~
full v?rnlnn of $ChPTKt! (which we htvc found runrn ❑uch
nlnwrr), tho roil currerttn wer~ rapreeented ae currtint
nourcao and tl.,,] lnvcr~ert lnductanca matrix wan umed in

thc dlff~rentlal equation ❑olvi ng fenturo of
MINI-SWPTRK LU n(llVP fnr thm cnil currarrte. In

Fl~, 3, nhnwlng Lhr pololdal fl~ld ●qulvnlant circuit,

LhII (.1)1 I rurrvntn ● re represented by the currclw
aourcvx (J’n). 11 la the curraut in thp ~~netimina
wlndln~o ,12 mild J“] ● re Lhe cr. rran Ln In thp two branchee
01 lhm Kl%’l]tlm, and .I’i 10 the plamma curr~nt. The
plnnmll roMIMl, rent,P in reprmnentet! en k L Imm vary IIIB

ialllu drpemf:~nl oll Lhp Cllrrmlll d-n~ity, am ■ca lad from
ZT-4fltl. [;oupl ~11~ hrtweru thrI polotdrrl and tnroldml
clrruil H IH nrr~}mpllnhrtl vin tll- Clllhnn roupl ail •~ld~i
for MYP’N.J

TI1o pr,~flram t,all, tllalmu and ,ornfraraa (i) Lh*
vrrl Ivn; rt-ld r~qillroil for ●quil tbrium f rue
Shilrrdnl)v’n f~,rmulh,~ M~VOII th~ plaema vurrs[l:, mmt {7)
1. 11!, Irrlllnl verl lral

distribution of currente in the EF-coile. The
difference between the two flelde la ueed to excite ●

feedback circuit which drivee the ●quilibrium power
●uppliee. The prrgram then calculate the power bein~

output by the power ●uppliee.

Figuree 4 tklreugh 8 ●bw the reeult.v of theea
:~mparieune. Yigura 4 shoue the curranta being drivan
in tha E?-crrila, and Pig. 5 ●houe tha varfical fiald
baing produced cnqared to the vertical fiald raquirad
by tha formulc. Figurae 4 and 5 repreeant ● cana ~hat
la not well mxtchad.
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Flgura 4. EF-coil Cur~enta - (Unmtched Cama)
Compurlaon of Actual, Currante ●nd Currents Requirmd

to Produce Equilibrium Vmrtical Field.
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for Kqulllbrlum.

Fl#ur?m h ●nd 7 ehuw ● rrrmparlmon hotwnru I ululrmd

nnd nrr.uel F.P-CU1l r-url~ntn end verL!rnl fl~ld for n
WCII matchad condition, amd FIB. It nhuum thp pourer
ouIpuL repllred f rom II). cqulllhrl urn nul)pl I-II. I)ur t nR

Lhm ¤ottln~-ufr phmmm, Lh. puwcr ■upplimn ●umL muppiy a
cnmhlnmd peek nf ZI-HU, but durln~ III- flat-Lq~ fd181i@

(attcr I ■fl), Lhoy ● rm abmnrbln~ nbou( 4 w from the
pnumr rrwhar bank,
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Figure 6. 13F-Coil Currento - (Mmtchod Cane) Comparison

of Actual Currento ●nd Currents Required to Produce
Equilibrium Vertical Field.
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ELECTRICAL CIitCUIT DESCRIPTION——. — ——

The ●leetrlcal clrcuita to drlvc ZT-P ● re shown In

Fi~n. 7 mnd 11]. The melII cne~gy ●tormga in in
capacltur banka, which ● ra owltchad throuoh ignitrona.

The energy to flrtc-top the current 1- ●upplicd from
power cruwhur capmcicnr bmnko, coupled into the mein

clrcultn throu~h lu-lnductanc~, lov-raalmtmncn
trannform~rn. Two “equillb: Ium” powmr ■uppllen
dlntrlhutu lIw current Lm the RF-cniln to provlda th-

vmrllcnl flrld.

Thr pololdnl field circuit in nhoun in ?igt 9.
Thm ❑all) (ntarL) cmpmcltor bankm cunelnt of four
❑m!tl(llln, ●nctl With twelvm 170 VP 10-kV cnpacltora,
connrcLmd to oparnt~ al t20-kV with rampac L tc nrou!., !.
Thr powmr cruwbmr capacitor bank conmiate of h3 ●a(h
17[1 DF CmpmclLOr~ uperatetl at +10-kV with raopact to

Around. SviLclllnR I- crcomplimh.d by ■i~e-Ll iflnitrune.

411 rnparlror banln contfii!l ❑mall dnmplng roalntorn to
ltrovldo n dampdd wavmforrn in Lhr twmnt of ● ●ymlem dump

and 11~ llmft,fault currontn.
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Figure 8. outpuL of Equilibrium Power Suppliem
for Matche4 caee.

The power crowbar transformer in the poloidal
field circuit r~quir~q 6 V-e flux nwing and a turrm
ratio of 4:1 to match ~he 10-kV PCB bank to the primary
circuit. A core with .376 V-o bipolar flux ewlng waB
●vailable ma wan aalacted, requiring 72 primary turne
and 18 ●econdary turns.

Protective ●nd-of-ohot-dump (EostI) ignltrorrn
(aizc-D) ● re provided to dump the power crowbar ●nergy
in tha ●vent of plasma tcwination or failure to
●chieve planma breakdown. F~ilure to do ●0 could

raoult in overntr,eeirrg the PF coiln. They may alno be
used tn tarminn:e ● normal shot, by ramping che cur:ent
Sradually to Eero. The EOSO circuitn will have
reoislance valuee ❑mall ●nough to ●ffectively ehunt
current from the EF-c0119 ●nd lnrg? ●nough to tiamp
oacillationn.

The toroidal field circuit 10 shown in Fig. 10.
The win capacitor hank conaistm of 24 ●ach 60 plJ 10-kV

capacitor, that ● re ●witched by back-to-back
ignitrono. 0.8,,ohm remlntorn on each capacltnr reduce
ringing whuw .ha crowbmr lgnitrnn JU clomed. The power
crowbmr bank le a ●imgle MI PF capacitor, coupled
through the 80:1 pawe r crnwbnr t rar,nformer. Thr
transformer core ham 0.12E V-m b!polar, with 240

primary turn- and 3 necondmry turns. Thin transformer
■ust have very low ●mcondary Ieakane Induclancr.

In holh Clrcuito Coaalnl cubl~? (17/14 HR) provldp
rbe intarconnectionm between component. The use of
coaxial cablaa al lowe conmlrferabl~ flaxlhlllty 1 n

locmtlns the compon~nt~ ●nd III ●ccrmmodiILIIIM fwttlr~

n~rcult changen.

Tho damign of tlw equilibrium feodhack mynlmm lM
given in Pig. 11. Flwn ●nd pttmittow !anlorn p~ovide
activa famdback to thr ● rror and Iuop rump~nmntlon
amplirlerm located ●t ground plltallLlal. Thp
●qulllbrlum powar ●upplta? *ra tranaf ormvr-rouplvil
hard-tube ●mpllflarn, with ● n nutpun •tns~ connlntlIIM
of ●ix paralhl ML86111 mannrtlr warn f!)run lrlnd~n 111 M

~roundmd cathode confimuraliom. ~lth Luhr Wilk IIJVU II

platm currenL nf mbuut 170 A, whirh In ❑upplld by ●

c~n 2U kV 235 UF (51 M) capa:lr.o~ hank . AH aacl,
●qullihrium CO1l rcqmiram ● boo~tof mhnul 9 ‘ 1, Lho

hank voltan- will drop ●bouL 2 W.

I



To meet the couplins transformer require~lent of
1.25 volt-seconds, a core has been choeen wi:h 0.18B
V-s bipolar capability. For a 7:1 curna ratio, ●

primaty of 112 turns and eecondary of 16 turre will be
wound in an interleaved low inductance config~ration.

To drive the ML8618’s, a fiber-optic controlled
hot-deck amplifier with a single 3CX20,000A3 output
tube is used. Colid etate circuitry la direct-coupled
to the grid, with “DC” fiber-optic llnka providing
voltag? isolation.

CONCLUDING RSHARK

ZT-P is preeently under con~truction, following
the design described in th~s paper. It In achaduled to

begin operation poonibly aa early aa June, 1984.

However, it in ●nticipated that during the firet year
of operation, it will be ■edified ●everal time, due to
the varied nature of ite phyeica objective. The
circuite deecribed here may aleo have to be modifimd,
but there ehould be efficient flexibility in the
deeign to acco~date meet changee,

REFERENCES

1. Etarold W. Carter, “HINI-SCEPTRE: A Computer
Program for Electronic Circuit Analyaia,”
UCIB30069, (1973).

2. J. W. Johneton, Planma P.~yeica 23 (1981) 187.

3. V. D. Shafranov, Revlewe of Plaama Phyeica Vol. 2,
(Nmw Y~rk, 1966) p. 103-1s1.

r
1.

1:yll”?

r 1:>13+! !111

I.a,

1.1.

..-.

Ktfl8:,:$

h
I
1

pin“’”

Figure 9.

,~_J

Poloidal Field Electrical C{rcuit,

.*-..: ‘

%:’1-!1111l*oal
(91) 1?0919

., , . ,,

.,.

vrmob “ V?omn#
-.

(
,J

C—-(JI-T
.—.—

Er---*O bv
10s UI

——— .—.

. .
1:1

.0,

Fisuro il. Circ\lit Diagram of Equilibrium Power
!luppliem.


